carbon dioxide in the atmosphere to produce a solution with a pH of about 5.6. The pH scale ranges from 0 to 14 pH 7 is neutral, pH 2 is strongly acidic, and pH 12 is strongly alkaline; each whole-number change in pH represents a tenfold change in acidity or alkalinity. Gases that produce acids in the presence of water in the atmosphere include carbon dioxide (which converts to carbonic acid), oxides of sulfur and nitrogen (which convert to sulfuric and nitric acids), and hydrogen chloride (which converts to hydrochloric acid). These acid-producing gases are released to the atmosphere through natural processes, such as volcanic emissions, lightning, forest fires, and decay of organic matter. Accordingly, precipitation is slightly acidic, with a pH of 5.0 to 5.7 even in undeveloped areas. In industrialized areas, however, most of the acid-producing gases are released to the atmosphere from burning fossil fuels. Major emitters of acid-producing gases include powerplants, industrial operations, and motor vehicles. Acid-producing gases can be transported through the atmosphere for hundreds of miles before being converted to acids and deposited as acid rain. Because acids tend to build up in the atmosphere between storms, the most acidic rain occurs at the beginning of a storm and, as the rain continues, the acids "wash out" of the atmosphere. In order to make a fair comparison of the pH of precipitation in different localities, scientists account for the "washing out" effect by using the annual average pH of the entire volume of precipitation that is collected and measured at any one locality a procedure known as volume-weighting.
HOW ACIDIC IS THE PRECIPITATION ON CATOCTIN MOUNTAIN?
The USGS has been monitoring the pH and water quality of precipitation and streamwater in Cunningham Falls State Park since 1982 ( fig. 1 ). The park, located in the Mid-Atlantic region of the United States, currently receives some of the most acidic rain (lowest pH) in the Nation (fig. 2) . The annual volume-weighted pH values of precipitation collected in the park since 1982 are shown in table 1. The volume-weighted average pH of precipitation on Catoctin Mountain is nearly 10 times more acidic than precipitation unaffected by acid-producing emissions, and individual rainstorms commonly are nearly 100 times more acidic. A statistically significant upward trend in pH, equal to approximately 0.02 pH unit per year, was detected for the 10 years of data that were collected. This indicates that the precipitation has become slightly less acidic over time. this area include seasonal effects of biological processes, flow conditions, soil cover, and topography, but the major influence on streamwater pH and chemistry is the type of bedrock that underlies the watershed. For example, limestone, which is composed of calcium carbonate, is capable of neutralizing highly acidic precipitation so that a stream flowing on limestone may have a pH well above 7. In contrast, quartzite, which is composed of silica, has little neutralizing capacity and the pH (43 to 53) of a stream flowing on quartzite will closely reflect the same pH as the precipitation falling on the watershed. Metabasalt (a good neutralizer) and quartzite (a poor neutralizer) are the dominant types of bedrock on Catoctin Mountain
MONITORING ACID RAIN IN MARYLAND
In addition to the long-term monitoring of precipitation on Catoctin Mountain, other ongoing USGS studies include long-term monitoring of the quality of streamwater, research on the effects of seasonal cycles on the quality of streamwater, and research on episodic acidification (the temporary decline in pH and decline or loss of acid-neutralizing capacity) of streamwater caused by rain or snowmelt. Additionally, studies include monitoring concentrations of trace elements, such as aluminum, arsenic, lead and zinc, in precipitation and the movement of those trace elements through the watershed.
For further information on these and related studies, contact: 
